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ABSTRACT 

On methanolysis and subsequent saponification, the aldobiouronic acids 2-O- 

(4-O-methyl-z-D-glucopyranosyhXonic acid)-D-xylose (1) and 4-U-(z-D-galacto- 

pyranosyluronic acid)-D-xylose (2) gave four (3-6) and two (7 and 8) methyl gly- 
cosides, respectively. These glycosides were well separated by ion-exchange chromato- 
graphy and their structures were established by methylation analysis, mass spectro- 

metry of their permethylated derivatives, and 13C-n.m.r. spectroscopy_ On methyla- 

tion by the method of Hakomori, compounds 3-6, having 4-O-substituted uranic 

acid residues, afforded p-elimination products (E-18) in addition to the permethyl- 

ated derivatives (9-12). On the other hand, compounds 7 and 8, having HO-4’ 
unsubstituted, gave the products of direct methylation (13 and 14), which gave, on 
re-methylation, permethylated, unsaturated aldobiouronic acids (19 and 20). 

INTRODUCTION 

Successful Hakomori methylations of acidic polysaccharides containing 4-0- 
substituted hexuronic acid residues have been reported’. However, 4-O-methyl-a-D- 

glucopyranosyluronic acid residues in xylan undergo degradation by /I-elimination 

during such methylation2V3. We now report on the methylation of methyl glycosides 
of the aldobiouronic acids 2-0-(40-methyl-cc-D-glucopyranosyluronic acid)-D-xylose 
(1) and 4-0-b-D-galactopyranosyluronic acid)-D-xylose (2)_ 

RESULTS AND DISCUSSION 

Ion-exchange chromatography of the saponified products of the methanolysis 
of 1 and 2 gave four (3-6) and two (7 and 8) acid components, respectively. Acid 
hydrolysis of these products regenerated the parent compounds, indicating that they 

were methyl glycosides. They were identified on the basis of ‘3C-n.m.r. spectroscopy, 
methylation analysis, and e.i.- and c.i.-mass spectrometry of their permethylated 

*Presented in part at the 28th Annual Meeting of the Japan Wood Research Society, 1978, Nagoya. 
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TABLE I 

ANALYTICAL DATA FOR hIETHYL GLYCOSIDES OF ALDOBIOUROXIC ACIDS 

[dD 

(degrees) 
DV value EqCv. ~f.~ 

o.@hf 0.5M 
NaOAP HOAc” 

3 Me 2-0-(4-0-Me-s(-D-GICAp)-rr-D-Xyl/ 1-194 5.64 10.83 365 
4 Me 2-O-(4C-hte-a-D-GkAp)-&D-Xy~f f78 6.43 12.90 360 
5 Me t0-(4-0-Me-z-D-GkAp)-ir-D-Xylp -+I32 6.36 10.09 350 
6 Me 2-o-(3-o-Me-z-D-GkAp)-B-D-Xylp f71 7.59 9.21 348 
7 Me d-o-(x-D-Gakp)-cc-D-xylp f168 7.93 6.47 330 
8 Me 4-0-jr-D-GalAp)-P-D-xylp +64 8.77 6.94 335 

“Column (5 x 700 mm) oFDiaion resin (acetate Form, 23-25 pm). *Column (5 x’ 500 mm) oFAminex 
A-27 resin (acetate Form, 12-15 pm). Talc. For 3-6 (CI~HZOII): 354. Calc. For 7 and 8 (CIZHZOOII): 
340. 

derivatives_ The observed optical rotation data, D, values, and equivalent weights 
are given in Table I. These isomers were well separated from each other by ion- 
exchange chromatography. 

The anomeric configurations of the xylose residues of 38 were determined by 
‘3C-n.m.r. spectroscopy_ The signal assignments were made on the basis of reported 
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assignments4- ’ and comparison with chemicahy related compounds_ Not all of the 
resonances were resolved. There should be 13 resonances for 3-6 and 12 for 7 and 8, 
but the resolved resonances were 12 for the former and 11 for the latter_ 

On the basis of the broad generalisations recognised in the literature, these 
resonances can be subdivided into five groups, namely (a) the anomeric carbon atoms 
(97-105 p_p.m.), (b) the methoxyl carbon atoms (55-62 p-p-m.), (c) the non-anomeric, 
skeleton carbon atoms (in furanoid and pyranoid form) (70-S5 p-p-m_), (c/) the non- 
anomeric, skeleton carbon atoms substituted with mcthoxyl groups and glycosyl 

residues (76-87 p.p.m.), and (e) carboxyl groups (- 175 p.p.m.). 
For pyranoid compounds, it has been establishedA*’ that (u) methylation of a 

hydroxyl group causes an S-l I-p.p.m. downfield shift in the resonance of the directly 
attached carbon atom; (b) when both the methoxyl and the adjacent hydroxyl groups 
are equatorial, the shift of the /?-carbon atom resonance on methylation is < 1 p-p-m.; 
(c) O-glycosylation results in a downfield shift (5-S p_p_m_) of the signal for the 
substituted carbon atom; and (GJ) axially substituted, anomeric carbon atoms (U-D 

linkage) resonate at higher field than those equatorially substituted (P-D linkage)_ 
On the assumption that the chemical shifts of C-l ‘-C-6’ of uranic acid residues 

of 3-8 and MeO-4’ of 3-6 are almost independent of the configuration of the methyl 
xyloside residues, the assignments of these resonances shown in Table II were based 

on those for methyl 4-O-methyl-x-D-glucopyranosiduronic acidse6 and cc-D-galactu- 
ronic acidg. The signals at 97.7-99-l p-p-m_ in the spectra of 3-6 and at 100.9 and 
101.1 p-p-m_ in the spectra of 7 and 8 were assigned to C-l ‘, because the uranic acid 

residues are linked by tl linkages. The other signals in this region were assigned to 
C-l of the methyl D-xyloside residues and indicated the xyloside residues of 3,5, and 
7 to be in the rl form, and those in 4,6, and 8 to be in the /I form. The optical rotation 

data (Table I) accord with these conclusions. 
The C-2-C-5 and MeO-1 resonances of 3-S could be assigned on the basis of 

TABLE II 

WX-N_M.R. CHEMICAL SHIFTS FOR hm-HyL GLYCOSIDES OF ALDOUIOURONIC ACIDS~~ 

corn- C-Z’ c-2’ C-3’ C-4’ C-5’ C-6’ ML*O-4’ C-I c-2 c-3 c-4 c-5 AleO-I 
porurd 

CO-Me-a-D-GlcAp residue D-xy/OSe W~i&lC 

99.1 72.1 73.0 82.8* 72.1 175.2 60.9 101.0 s3.1* 74.1 78.8 61.4 56.0 
99.1 71.7 73.0 82.6 71.7 175.2 61.0 107.8 56.6 74.4 83.4 61.8 56.2 

97.7 72.1 73.0 83.1 72.1 175.1 60.8 97.3 76.6 72.3 70.3 61.7 55.8 
95.6 71.9 72.9 82.6 71.9 175.1 60.8 105.2 78.5 74.9 70.3 65.7 58.2 

z-D-GafAp resirire 
101.1 68.8 69.6 70.9 70.9 173.8 100.0 71.7 72.9 79.3 60.6 56.0 
100.9 68.8 69.6 70.9 70.9 173.6 104.5 73.4 75.3 78.8 64.7 57.9 

“In DsO (a scale); assignments marked * may be interchanged. 
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TABLE III 

G.L.C. DATA FOR PERMETHYLATED ALDOBIOURONIC ACIDS AND THFlR 4,ZhJNSATURATED HEXURONIC 

ACID DERIVdTlVES 

Relative retentionc 

Aidobiowonic acid Unsarrcrared aldobiorrrorric acid 

9 10 11 12 13 14 15 16 17 18 19 20 

ColumnAa 1.90 2.05 1.86 2.36 4.60 3.76 2.33 2.48 2.3 1 2.54 3.07 2.53 

Column B” 1.39 1.51 1.44 1.75 3.36 2.87 1.73 1.85 1.85 2.02 2.40 2.04 

R5-0.5qa of Thermon- f HaP0.t on Chromosorb W (SO-100 mesh). b5o/o OF Poly-A-IOIA on 
Chromosorb W(SO-100 mesh). CAdjusted retention-times, relative to that of permethylated cellobiitol. 

TABLE IV 

E.I.- AND CL-MASS SPECTRA OF PERMETHYLATED ALDOBIOURONIC ACIDS g-14 

m/z Relative intensityR 

9 10 11 12 13 14 I01t 

E-i. C-i. -c.i -- E-i_ E.i. C.i_ E.i_ C.i. E.i_ C-i. Ei. C.i_ 

- - 

425 
423 
394 
393 
379 77 
361 
319 4 
287 
265 
235 22 
233 37 
201 1000 
175 

173 :z’ 
169 37 
161 
159 21 
I57 32 
145 13 
143 15 
141 45 
131 9 
129 20 
117 15 
115 7 
101 480 

88 109 
75 657 

1 
6 

134 
1000 

10 IO6 
52 

5 

2 
5 

213 3 
1000 

16 
95 16 

21 
4 

16 30 280 

3 1 7 
23 5 25 

1000 
159 

s 
57 

6 10 
33 65 
43 1000 

:: 
16 

9 336 
33 64 

184 561 
13 161 

20 
22 

1000 6 
57 
18 

10 
22 206 

192 111 
447 791 

222 

20 
184 29 

12 
14 

202 
447 

10 

84 

49 

18 25 
23 
27 
10 
1.5 
6 
5 

513 
56 

815 

19 12 9 
18 28 

7 7 7 
31 20 
26 31 
25 23 

6 82 
10 9 
97 24 

1000 1000 
458 290 
198 116 

308 
986 
589 
223 

90 
39 
39 
39 

8 
275 
175 
169 
22 
89 
3.5 

258 
loo0 

703 
174 

245 [M f I]+ 
[M - 11’ 

15 buBr 
49 baAl 

baEl 
baA-3 
baFl 
bah - 32 

37 abDl 
19 abJl 

1000 aA 
14 aAe 

bAt 
7 a& 

aA 
182 

bC1 

30 
21 290 

1000 579 
15 276 

118 
42 
19 

196 17 
22 
36 

8 188 
42 

104 
17 
39 

15 6 
65 

16 1000 
945 

bAz 

87 12 

15 
bCz 

22 K, GI 
HI 
bJ1 

- 

=Relative to an arbitrary value of 1000 for the base peak. 
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TABLE V 

E.I.- AND Cl.-h,ASS SPECTRA OF PERMETHYLATED, UNSATURATED ALDOBlOURONlC ACIDS 15-20 
----- 

m/z Relative imerrsify~ 
-- 

15 16 17 18 19 20 Ion 
_.~_._ ___. --. 

E-i_ C.i_ E.i_ C.i_ E.i. C-i. E.i. C-i. -~-- E.i. C.i. E.i_ C.i. 

__--_ --._~.-.._ - 

393 

391 
362 
361 
347 
329 
297 
287 
248 
235 
217 
203 
201 
189 
17.5 
173 
169 
161 
145 
143 
131 
129 
115 
111 
101 
99 
88 
85 
75 
71 

152 

139 
1000 

58 13 
534 

39 
53 

108 10 
17 

58 

60 
72 

45 7 
66 

153 
26 28 

30 
176 57 

23 

44 

195 

8 28 6 
80 44 
30 21 
11 21 21 

10.5 95 
6 19 

179 176 
9 23 

37 I5 
11 33 

1000 1000 
30 37 

51 
45 

132 
IO00 

13 
445 

40 

51 30 53 IS [M -!- I]- 
[M - I]+ 
haI31 
baAl 
IIUEL 

981 baA2 
61 baA:x 

baFI, bnGl 
28 abHl 
35 abJr 

122 

13 100 
671 

13 84 8 15 
603 126 

19 1000 
85 

5 1000 
52 

10 451 8 
17 42 10 

41 164 
536 92 362 

91 

201 

44 
763 

7 

160 
770 

5 
25 
II 

48 
44 

27 

27 

13 
75 
88 

10 36 
364 

7 
74 

231 

9 46 
372 

24 
76 

117 

14 1000 15 1000 aAl 

511 1000 21 I 49 292 25 b.41 

59 
67 333 436 119 649 291 288 aA 

10 77 9 50 
113 151 176 103 
123 349 240 528 bA_ 

21 

16 18 
323 

13 

35 
12 

19 
14 486 

26 
8 

329 
44 

227 
292 
105 
56 

649 

24 

16 22 17 21 
209 420 

28 231 18 
43 93 
23 60 

351 608 
42 84 

1000 1000 
329 376 

522 
47 

358 
299 
179 
300 

1000 
101 

11 293 bCz 
23 bFi, bG1 

HI 
aH4 
hJ1 

uRelative to an arbitrary value of 1000 for the base peak. 

_____- -_-- 

the resonances of methyl %- and /I-D-xylopyranoside7, and methyl U- and /3-D-xylo- 

furanoside’, and the effect of O-glycosylation on the chemical shifts of the contiguous 

and neighbouring carbon atoms. 
Compounds 3-8 were methylated with methylsulphinyl carbanion and methyl 

iodide according to the method of Hakomori ‘*‘l The methylation products were _ 

reduced with lithium aluminium hydride and then hydrolysed, reduced with sodium 
borodeuteride, and acetylated. The g.l.c.-m-s. analysis of the alditol derivatives” 
showed that each compound gave a partially methylated xylitol acetate and a partially 
methylated glucitol and/or galactitol acetate. Thus the ring sizes of xyloside residues 
of 3-8 were consistent with those established by 13C-n.m.r. spectra. 
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The methylation products were also analysed by g.1.c and g.l.c.-m-s., which 
revealed that Hakomori methylation of 3-6 was accompanied by &elimination, 
giving appreciable amounts of permethylated, unsaturated aldobiouronic acids 
E-18 in addition to the permethylated products 9-12, whereas the methylation of 7 
and 8 gave only permethylated derivatives 13 and 14. Re-methylation of 13 and 14 
converted them into the permethylated, unsaturated derivatives 19 and 20, as ex- 
pected”. Their retention times are given in Table III. 

Characteristic mass spectra (Tables IV and V), suitable for identification 
purposes, were obtained for all of the derivatives, although anomeric isomers gave 
the same fragment ions. The spectra can be interpreted readily on the basis of the 
fragmentation patterns for permethylated aldobiouronic acidsI and permethylated 
methyl pentofuranosidesLzl, and the e-i.-spectrum of 11 was identical with that re- 
portedL3. 

Although the fragmentation patterns of 9-12 had much in common, the charac- 
teristic differences in the e.i.-spectra for dist-inguishing between the furanoside (9 
and 10) and pyranoside (11 and 12) derivatives were obtained by the bnE, ions at 
~II/Z 379, which arise only from the former, and by the baB, ions at ?lzlz 394 and 
baF, ions at ill/z 319, which are formed only from the latter. The spectra of 13 and 
14 gave sets of fragment ions that were almost identical with those for 11 and 12, 
and contained ions aC IX/-: 161 which are characteristic for (l-+4)-linked disacchar- 
idesL3-‘5 

Ions in the low-mass range were absent from the c.i.-spectra (Table IV)_ The 
molecular weight can be easily determined from [M + I]’ ions. The base peaks 

varied, e-g_, r?z/z 393 (bnA,) for 9 and 10, 361 (bnAz) for 11 and 12, and 233 (aA,) 
for 13 and 14. The c-i.-spectra of 13 and 14 contained more-intense ions at m/z 161 
than did their e-i.-spectra. 

The mass spectra of the permethylated, unsaturated aldobiouronic acids 
15-20 showed dia,onostic ions abH, at m/r 24S, which are formed by retro-Diels- 

Alder fragmentation of the olefinic ring’6WL7. The abH, ions were less pronounced 
in the e-i--spectra of the furanoside derivatives 15 and 16, compared with those of the 

pyranosides 17-20, and very weak in the c-i.-spectra of all of the compounds. The 
aH; ions at J~/Z S> were also detected in the e-i_-spectra of 15-20; these ions are 

characteristic of methyl (methyl ~deoxy-2,3-di-O-methyI-~-L-tlrr-eo-hex4enopyrano- 

sid)uronate’ 6_ 
The characteristic ions for the furanoside (15 and 16) and pyranoside (17-20) 

derivatives were observed in the e.i_-spectra_ The spectra of 15 and 16 contained the 
ions baE, at IPI/Z 347, whereas those of 17-20 contained the ions baB, at m/z 362 and 

baF, at m/r 287. These ions are 32 mass-units less than those of compounds 9-14. 
The ions at IPZ/Z 287 in the e-i.-spectra of 15 and 16 are assigned to the ions baG, 

which are produced from the baE, 14_ The baG, ions were absent from the spectra 
of 9 and 10. 

The c-i--spectra of 15-20 showed [M + I]’ ions at nz/z 393, and the base 
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peaks were the bnA, ions at IPI/-: 361 for 9 and 10, the baA, ions at )11/z 329 for 11 
and 12, and the aA, ions at in/t 201 for 13 and 14. 

Chromatography of the methylation products of 6 gave the pure &elimination 

product 18 together with 12. On the other hand, methylation of 8 gave mainly the 
permethylated aldobiouronic acid 14, which, on re-methylation, yielded the per- 

methylated, unsaturated a!dobiouronic acid 20 (-3 1 y/,)_ Compounds 18 and 20 
showed an absorption at 238 nm and reacted with thiobarbituric acid, yielding a pink 
product (2,,,, 550 nm), which are characteristic of a 4,5-unsaturated uranic acid 

residue”*“. The ‘H-n.m.r_ spectra of 18 and 20 each showed a doublet at 6.14 p-p-m_ 
assignable to H-4’ of 4,5_unsaturated 4-deoxyhexuronate”. On hydrolysis with %I 
trifluoroacetic acid, followed by reduction with sodium borodeuteride and acetylation. 
18 and 20 gave peracetylated 3,4- and 2,3-di-O-methyl-o-xylitol-f-c/, respectively_ 

EXPERIMENTAL 

Getrer-al tmvlrods. - Optical rotations were measured with an automatic 
polarimeter (JASCO model DIP-SL). U.V. measurements were performed on a 
Hitachi EPS3T spectrometer_ For g-l-c., a Shimadzu CC-IC instrument. fitted with 

flame-ionisation detectors, was used. Separations were performed on glass columns 
(187.5 x 0.3 cm) containing A, 5-O-57<, ofThermon-1000 + H,PO, on Chromosorb 

W (SO-100 mesh) at 220”; B, 5% of Poly-A-101 A on Chromosorb W (SO-100 mesh) 
at 220”; and C, 3 y0 of ECNSS-M on Gas Chrom Q (loo-120 mesh) at 180”. 

E-i.- and c.i_-mass spectra were recorded on a JEOL JMS-D 100 combined gas 
chromatograph-mass spectrometer equipped with a chemical-ionisation source. 

High-resolution mass spectra were measured with a JEOL JMS-D 300 instrument 
interfaced with a JEOL-2000 mass-data analysis system. E-i.-mass spectra were ob- 
tained at 20-eV and 300-/LA ionisation current. C-i.-mass spectra were obtained with 
isobutane at 0.5-l Torr, as reagent gas. The ionising potential was 300 eV, and the 
ion-source temperature was maintained at 100”. 

L3C-N.m.r.- and ‘H-n.m.r.-spectra were recorded on a JEOL FX 100 spectro- 
meter, equipped with a Fourier-transform system having an Sk memory, by use of a 

glass tube of outside diameter 5 mm. Proton-decoupled, ‘3C-n.m.r. spectra were 
recorded at 25.05 MHz, operatin g in the deuterio-lock mode at a probe temperature 
of 30”, for solutions (510%) of the sugars in D,O. Chemical shifts are given relative 

to that of internal p-dioxane, which was taken as 67.4 p-p-m_ downfield from tetra- 
methylsilane. 

Ion-e_whzge cllro~~latog,-r~pi~~~_ - Acidic sugars were separated on Aminex 
A-27 and Diaion (AcO-) resins by elution with A, 0.02%~ sodium acetate; B, 0.0s~ 
sodium acetate; C, 0.5&1 acetic acid; and D, XI acetic acid”. The volume distribution 
coefficients (D,) were calculated in the usual way”. 

Met/lrdation tnethoa’s. - Methylation was performed by a modification” of 
a standard method’. The sample (5 mg) in methyl sulphoxide (I ml) and RI sodium 
methylsulphinylmethanide in methyl suIphoxide (1 ml) was agitated for 2 h under 
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nitrogen in an ultrasonic bath (maintained at 25” by a Haake Type FE constant 
temperature circulator). Methyl iodide (2 ml) was then added with external cooling 
and the reaction mixture was agitated in an ultrasonic bath for 1 h. After distillation 
of excess of methyl iodide, water (3 vol.) was added and the mixture was extracted 
with chloroform (5 x 15 ml). The combined organic phases were washed with water 
(5 x 15 ml), dried with calcium chloride, and concentrated to dryness_ 

When a larger amount of sample (40 mg) was taken, 5 ml of methyl sulphoxide 
and M sodium methylsulphinylmethanide and 10 ml of methyl iodide were used. 

Metb)-l gl_wosides of aldobiorrronic acids (3-S). - 2-O-(4-O-Methyl-rr-o-gluco- 
pyranosyluronic acid)-D-xylose (1) and 4-O-@-D-galactopyranosyluronic acid)-D- 
xylose (2) were isolated from the hydrolysate of birch 4-0-methylglucuronoxylan 
with 2~ trifluoroacetic acid for 2 h by ion-exchange chromatography as described 
previously”*‘3 (D,: 1,X35 and 4.52; 2,3_72 and 3.75; solvents B and D, respectively)_ 
Compounds 1 and 2 (50 mg) were methanolysed with boiling, anhydrous 1.5% 
methanolic hydrogen chloride for 3 h. After neutralisation with silver carbonate and 
evaporation of methanol, the product mixtures were saponified at pH 10 and separated 
by ion-exchange chromatography (solvents A and C), to give four isomers (36) 
from 1 and two isomers (7 and 8) from 2, respectively_ Hydrolysis of 3-8 with %I 
trifiuoroacetic acid at 100” for 2 h regenerated the respective parent acids 1 or 2, 
which had the same D, values (ion-exchange chromatography with solvents B and Dj 

as described above. 
Methylation of 3-8 and reduction of the products (9-14) with lithium alumi- 

nium hydride in ethyl ether, in the usual way, was followed by hydrolysis with 2h1 
trifluoroacetic acid at 100” for 2 h, reduction with sodium borodeuteride, and 
acetylation with pyridine-acetic anhydride. The partially methylated alditol acetates 

were anaiysed’* by g.1.c. and g.l.c.-m-s. using column C. Compounds 9 and 10 gave 
1,2,4-tri-O-acetyl-3,5-di-0-methyl-o-xylitol-I-d and 1,5,6-tri-0-acetyl-2,3,4-tri-O-me- 
thyl-D-glucitol-Z-d_ Compounds 11 and 12 gave 1,2,5-tri-0-acetyl-3,4-di-o-methyl- 
D-xylitol-I-d and 1,5,6-tri-O-acetyl-2,3,4-tri-O-methyl-~-glucitol-Z-d. Compounds 13 
and 14 gave 1,4,5-tri-0-acetyl-2,3-di-0-methyl-D-xylitol-1-d and 1,5,6-tri-O-acetyl- 
2;3,4-tri-O-methyl-o-galactitol-f-d. 

Metby 3,4-di-O-nretl1yl-2-0-(n2et/z~~l 2,3,4-tr-i-O-nretJly~-~-D-glircopy~atlosyIl~ro- 
aate)-j?-D-xylopyranoside (12) and nzetl$ 3,4-di-0-nzetJ1yI2-O-(n~etlz~*i 4-deosy-2,3- 

di-O-t?ret/~~~-~-L-threo-hes-4-eizop~rmrosy~~i~o~zate)-~-D-_~~./op~.~atzoside (18). - The 

methylation products of 6 (40 mg) were chromatographed on a column (30 x 1 cm) 
of silica gel by elution with benzene, to give chromato,oraphically homogeneous 
12 and 18. 

Compound 12 (yield, 11.9 mg) had [z]: +S 1 o (c 0.6, chloroform). Mass 
spectrum: nz/z 394.1794 (baB,, C,,H,,OIo, M’ - CH20, 394.1537), 319.1440 

@al=,, C,,H230,, M’ - CSH903, 319.1391), 235.1203 (abJ,, CLOHL906. M+ - 
C,H,,O,, 235_1180), and 233.1041 (aA,, C10H1,06, Mf - CsH150,, 233_1024)_ 

Compound 18 (yield, 8.3 mg) had [cx]F + 135” (c 0.4, chloroform), I_:;:” 
238 nm (.z 5600). Reaction of 18 with thiobarbituric acid yielded a pink product 
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(Lx 550 nm). Hydrolysis of 18 with 2x1 trifluoroacetic acid at 120” for 1 II, followed 

by reduction with sodium borodeuteride and acetylation, gave 1,2,5-tri-O-acetyl- 

3,4-di-O-methyl-D-xylitol-Z-d_ LH-N_m.r. data: S 6.14 (d, I H, J3,m-L, 2.7 Hz, H-4’). 

5.65 (d, 1 H, J,.,,, 2.4 Hz, H-l’), 4.26 (d, 1 H, .I,,? 7.S Hz, H-l), 4.10 (dd, I H. 

Jr.3. 7.5, J3.,4. 2.7 Hz, H-3’), 3.80 (s, 3 H, CO,Me), 3.53-3.37 (5 s, 15 H, 5 OMe), 

and 2.94-3.10 (m, 2 H, H-5,5); the signals of other protons were superposed on those 

of the methoxyl groups. Mass spectrum: m/z 362.1571 (haB,, C,,HzG09, Mf - 
CH,O, 362.1575), 329.1222 (&A,, CISHZIOs, M+ - C,H,02, 329.1235) 2S7.1 I10 

WE,, C13H,907> M+ - CaH903, 287.1130), 248.1244 (r&H,, Cl,HzoOb, M+ - 

CsHsOs, 248.1259), and 201.0746 (nA,, C9HL305, MC - C,H,jO+ 201.0762). 
Metli_d 2,3-di-O-tnetl~~~l-4-0-(tnetl~yl 2,3,~-tri-O-ii~etl~~~l-~-D-~~tl~i~top~rfft~o.s~l- 

urofznte)-j?-D-A-~~/op~*rcffzo.side (14). - The methylation products of 8 (40 mg) were 
chromatographed on a column (40 x 1 cm) of silica gel by elution with brnzene- 

acetone (10: I), to give chromatographically pure 14 (26.7 mg), 121;’ +66” (c 1.3, 
chloroform). Mass spectrum: nz/z 394.1555 (DUB,, C,,H,,O,,. Mf - CHIO. 

394_1537), 319.1412 (baF,, C,,HzJ08, M+ - C,H,OJ, 319.1391) 235.1220 (~/rbJ,. 

C&&G, M+ - C8HL305, 235.1 ISO), and 233.1034 (([A,, C,oH,706, M * - 

C8HI,0,, 233.1024). 

Mdyl 2,3-~i-O-metl~~/-l-O-(f~retf~~~/ 4-~f~~o.~~~.-2,3-c~i-O-f~lcrlf~.f-/I-~-t hreo-lw_v-4- 

efzopyraflosyh-ofzate)-p-D-_Yy~op~wffIOSiffe (20). - Compound 14 (25 mg) was re- 

methylated and the products were chromatographed on a column (40 x I cm) of 

silica gel by elution with benzene-acetone (10: I), to give chromatographically pure 

20 (7-S mg), [cx]gS + 107” (c 0.4, chloroform), i.,,;l, h’cot’ 23s nm (E 6500). Reaction 

of 20 with thiobarbituric acid yielded a pink product (I_,,,, 550 nm). Hydrolysis of 

20 with 2~1 trifiuoroacetic acid at 120” for 1 h, followed by reduction with sodium 

borodeuteride and acetylation , gave 1,4,5-tri-U-acetyl-2,3-di-O-mcthyl-~-xylitol-/-c/. 

‘H-N-m-r. data: S 6.14 (d, I H, J 3. A. 2.7 Hz, H-4’), 5.41 (d, 1 H, J,..,. 2.7 Hz, H-l’)_ 

4.08 (d, 1 H, J,,2 7.3 Hz, H-l), 4:04 (dd, 1 H, .I,,,,. 2.7. .I,..,. 7.5 Hz, H-3’), 3.SO 

(s, 3 H, CO?Me), 3.63-3.56 (5 s, 15 H, 5 OMe), and 2&l--X24 (m, 2 H, H-5,5): the 

signals of other protons were superposed on those of the methoxyl groups. Mass 

spectrum: m/z 362.1572 (bnB,, C,6HZb09, Mi - CH,O, 362.1575), 329.1252 

WA,, Cr$%rOa, M’ - C2H702, 329.1235), 2S7.1130 (haF,, C,3H,907, M+ - 
C,H,03, 287.1130), 248.1284 (rrbH,, C,,Hzo06, M+ - CeH,O,, 24s. 1X9), and 

201.0800 @A,, &H,,O,, M+ - C8H,,05, 201.0762). 
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